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(54) POLYMER COMPOSITION CAPABLE OF FORMING SURFACE SUDABLE ON WATER 

(57) The present invention relates to a polymer composition capable of forming a super-hydrophobic surface which 
is difficult to be wetted with water and from which an adhered waterdrop can easily slide down comprising 

(A) a reaction product formed by a reaction of 

(a) a hydroxyl group-containing fluoropolymer obtained by copolymerizing aftuoroolefin, a hydroxyl group-con- 
taining vinyl monomer and another unsaturated monomer capable of coploymerizing with them, 

(b) an epoxy-terminated siloxane polymer represented by the formula 



CH3 CH3 
I I 

CH3 CH3 



— (CH 2 h?-0-CH2-CH~CB 2 

V 



wherein m is a number of 6-300 and n is a number of 0-6, at the equivalent ratio of the hydroxyl groups of the 
fluoropolymer (a) to the epoxy groups of the siloxane polymer (b) of 1/0. 05 to 1/0. 8, in the presence of 
0) (c) a sulphonic acid compound, and 

CM 

O) (B) a polyisocyanate compound, which may be blocked, or a melarnine type crosslmking agent. 
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Description 



Technical Field 



5 [0001 ] The present invention relates to a polymer composition capable of forming a super -hydrophobic surface which 
is difficult to be wetted with water and from which an adhered waterdrop can easily slide down 



Background Art 

io [0002] So far it has been practiced to coat the surface of an object with hydrophobic materials such as silicon type 
compound or resin, fluorine-containing resin, polyolefin resin etc. in order to make the surface of an object difficult to be 
wetted, namely, to give a water-repellant property to the surface of an object. When water adheres to the surface of an 
object/which has been thus treated to make the surface hydrophobic, water is rejected to form a spherical waterdrop. 
While big waterdrops fall by their own weight, small waterdrops stay adhered strongly to the surface of the object and 

is often do not fall even the adhered surface is leant vertically. In such a case a dry surface without waterdrops can be 
obtained only the adhered waterdrops is removed forcibly by a mechanical way such as wiping out 
[0003] Therefore, various development studies of highly hydrophobic materials have been conducted to make an 
adhered waterdrop as closely as possible to a sphere by making the hydrophobicity of the surface of an object as high 
as possible and increase the contact angle with water and thus to roll down the waterdrops from the surface of an 

so object. Furthermore, physical methods such as making the surface rough or forming thin hairs on the surface are being 
studied. However, the materials so far proposed to make the contact angle with water big have problems such as being 
inferior in mechanical properties such as hardness, strength etc or very special substances whose production is diffi- 
cult. Moreover, in case of physical methods such as making the surface rough or forming thin hairs, there is problems 
that their effect lessen when the surface of an object is rubbed once. 

25 [0004] Therefore, a development of coating material, which gives a water-repellant property to the surface of an object 
and at the same time can easily remove the adhered waterdrops sliding down from the surface of the object, is strongly 
desired 

[0005] The present inventors have largely changed the direction from the conventional idea of making the contact 
angle of the adhered waterdrop as big as possible and making the waterdrop as spherical as possible so that it easily 
30 rolls down from the surface of an object, and have been intensively studying to develop a material capable of forming a 
water-slidable surface from which a waterdrop easily slides down by its own weight, although the contact angle of the 
adhered waterdrop is not so big. 

[0006] As a result, they found that a film formed by crosslinking and curing the reaction product obtained by previ- 
ously reacting a hydroxy! group-containing f iuoropolymer with a certain kind of epoxy-terminated siloxane polymer in 
35 the presence of a sulphonic acid compound, with a crosslinking agent meets the above mentioned purpose and com- 
pleted the present invention. 



Disclosure of Invention 



40 [0007] Thus according to the present invention there is provided a polymer composition capable of forming a water- 
slidable surface characterized by comprising 

(A) a reaction product formed by a reaction of 

45 (a) a hydroxyl group-containing f Iuoropolymer obtained by copolymerizing a f luoroolef in, a hydroxyl group<on- 

taining vinyl monomer and another unsaturated monomer capable of coploymerizing with them, 
(b) an epoxy-temninated siloxane polymer represented by the formula 



50 
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CH S CH 3 
CH 3 CH 3 



wherein m is a number of 6-300 and n is a number of 0-6, at the equivalent ratio of the hydroxyl group of the 
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15 



20 



f luoropolymer (a) to the epoxy group of the siloxane polymer (b) of 1/0.05 to 1/0 8. in the presence of 
(c) a sulphonic acid compound, and 

(B) a polyisocyanate compound, which may be blocked, or a melamine type crosslinking agent. 
[0008] The polymer composition of the present invention is described hereinafter in more detail. 
Hydroxy) group-containin g fluoropolymer (a) 

[0009] The hydroxyl group-containing fluoropotymer (a) used for the preparation of the reaction product (A) in the 
present invention is obtained by a copolymerization of a f luoroolefin, a hydroxyl group-containing vinyl monomer and 
another unsaturated monomer capable of coploymerizing with them. 

[0O101 The fluoroolefin usable for the preparation of the above-mentioned fluoropolymer (a) is an olefin in which at 
least one hydrogen atom bonded to its carbon chain is substituted with a fluorine atom and optionally at least one of the 
remaining hydrogen atoms may be substituted with a chlorine atom and includes specifically, for example, hexafluoro- 
propene tetrafluoroethylene, monochlorotrifluoroethylene, dichlorodiliuoroethylene. 1. 2-cfifluoroethylene, vinyBdene 
lluoride, monofluoroethylene etc. Among them, tetrafluoroethylene and monochlorotrifluoroethylene are particularly 
preferable in view of copolymerizability. 

[0011] As the hydroxyl group-containing vinyl monomer to be coplymerized with the above-mentioned fluoroolefin, 
there can be mentioned, for example, hydroxyl group-containing vinyl ethers such as hydroxyethyl vinyl ether, hydroxy- 
propyl vinyl ether, rtydroxybutyl vinyl ether, hydroxyhexy! vinyl ether, hydroxypenty! vinyl ether; C^-C^-alkyl esters of 
(rneth)acrylic acid, such as, 2 -hydroxyethyl acrylate, 2-hydroxyethyl methacrylate. hydroxypropyl acrylate, hydroxypro- 
pyl methacrylate, hydroxybutyl acrylate, hydroxybuiyl methacrylate etc Among them, hydroxyl group-containing vinyl 
ethers, above all. vinyl ethers having a CrCe-hydroxyalkyl ether group, are particularly preferable in view of copolym- 

25 WOW^FiJrther as the other unsaturated monomer to be coplymerized with the above-mentioned fluoroolefin and 
hydroxyl group-containing vinyl monomer, there can be mentioned, for example, vinyl ethers having an alkyl group such 
as methyl, ethyl, propyl isobutyl. n-butyi, hexyl. octyl. decyl. iauryl etc. or an alicyclic group such as cyclobutyl 
cyclopentyi cyclohexyl, adamantyi, bomyl etc ; aromatic vinyl monomers such as styrene, a-methylstyrene etc. ; alkyl 

ao (meth)acrylates having a C r C 18 -alkyl group; glycidyl (meth)acrylate; vinyl esters such as vinyl acetate, viny propion- 
ate vinyl butyrate, vinyl pivaiate. vinyl caproate, vinyl laurate, vinyl neodecanoate, vinyl cydohexanecan^xylate etc. ; 
a-olefins such as ethylene, propylene, isobutylene, butene-1 etc. Among them, vinyl ethers having a C 2 -C r alkyl ether 
group for example, ethyl vinyl ether and cyclohexyl vinyl ether, are particularly preferable in view of copolymenzabihty 
[001 3] The ratios of copolymerization of the above-mentioned fluoroolefin, hydroxyl group-containing vinyl monomer 

35 and other copolymerizable unsaturated monomer can be varied in a wide range according to the desired properties of 
the fluoropolymer to be obtained etc Desirable ratios are generally in the following ranges based upon the total amount 
of the above-mentioned three components: 

Fluoroolefin: 
40 20S0 mol %, particularly 25-75 mol %, 

Hydroxyl group-containing vinyl monomer: 
1-80 mo! %, particularly 5-75 mol %, 
Other copolymerizable unsaturated monomer: 
t-79 mol %, particularly 5-70 mol %. 



45 



[001 4] The copolymerization of the above-mentioned three kinds of monomers can be conducted by reacting them 
usually in an organic solvent in the presence of about 0.01 to about 5 parts by weight of a polymerization initiator per 
100 parts by weight of the total monomers at a temperature of about -20°C to about 150°C under the normal pressure 
or optionally under an elevated pressure up to about 30 kg/cm 2 G 
so [001 5] As a fluoropolymer (a) there can be used also a modified copolymer obtained by further reacting the copolymer 
obtained as mentioned above with a dibasic acid anhydride to introduce carboxyl groups to a part of the hydroxy! groups 

of the copolymer ... t « 

[001 6] The fluoropolymer (a) thus obtained can have a number average molecular weight in the range of generally 2. 
000-100 000 preferably 5. 000-60. 000. Further, the fluoropolymer (a) can have a hydroxyl value in the range of gen- 
55 erally 30-400 mgKOH/g. preferably 40-300 mgKOH/g ^ i 

[001 7] As the fluoropolymer (a) used in the present invention, above all, the copolymer of monochlorotnfluoroethyl- 
ene, 4-hydroxybutyl vinyl ether and ethyl vinyl ether is preferable 
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Epoxy-terminated siloxane polymer to) 

[0018] The epoxy-terminated siloxane polymer (b) used in (he present invention is represented the following formula 
CH3 CHs 

CHs-di-OV-Si— (CB 2 >n-0-CH 2 -CH-Cfl2 (I) 

CH3 CH3 



wherein m means an average degree of polymerization of the dimethylsiloxane unit and is a number in the range of 6- 
rs 300, preferably 6-1 00 and n is a number in the range of 0-6, preferably 1 -5. 

[001 9] The siloxane polymer (b) can have a number average molecular weight in the range of generally 300-30. 000, 
preferably 500-20, 000 



Sulphonic acid compound (c) 

[0020] The sulphonic acid compound (c) used in the present invention is represented by the following formula 

R-SO3H (I!) 

25 wherein R represents an organic residual group, for example, an aliphatic hydrocarbon group, aromatic hydrocarbon 
group etc. and said aliphatic hydrocarbon group and aromatic hydrocarbon group may be optionally substituted with a 
halogen atom etc. and specifically includes methanesuiphonic acid, trrfluoromethanesulphonic acid, benzenesulphonic 
acid, p-tduenesulphonic acid, 2. 4- or 2. 5-dmethyfoenzenesulphonic acid, naphthalene-a or p-sulphonic acid. etc. 
Above all, methanesuiphonic acid is preferable. 



Reaction product fA) 



[0021] In the present invention the above-mentioned fluoropolymer (a) and siloxane polymer (b) are previously 
reacted in the presence of a sulphonic acid compound (c) . In the reaction it is estimated that a part of the siloxane pol- 

35 ymer (b) is grafted to the fluoropolymer (a) in the presence of the sulphonic acid compound, (c) as an acid catalyst and 
at least one part of the remaining siloxane polymer (b) is bound to the sulphonic acid compound. 
[0022] Thus the reaction product (A) formed by the above-mentioned reaction contains a grafted product of fluoropol- 
ymer (a) with siloxane polymer (b), a bonded product of siloxane polymer (b) and sulphonic acid compound (c), unre- 
acted fluoropolymer (a) and/or siloxane polymer (b) etc. 

40 [0023] The reaction product (A) may contain unreacted sulphonic acid compound but desirably do not substantially 
contain unreacted sulphonic acid compound. 

[0024] Therefore it is desirable to conduct the above-mentioned reaction under such a condition that no unreacted 
sulphonic acid compound would remain and the fluoropolymer (a) and the siloxane polymer (b) are used in such a pro- 
portion that the equivalent ratio of the hydroxy! groups of the fluoropolymer (a) and the epoxy groups of the siloxane 
45 polymer (b) would be in the range of 1/0 05 to 1/0. 8, preferably 1/0. 1 to 1/0. 5, more preferably 1/0.. 1 to 1/0. 45. The 
sulphonic acid compound (c) can be used in 1he range of generally 0.. 1-0. 5 mol, preferably 0. 1-0.. 4, more preferably 
0. 2-0. 4 per 1 mol of the siloxane polymer (b). 

[0025] The above-mentioned reaction can be conducted usually by dissolving the fluoropolymer (a) and the sulphonic 
acid compound in an organic solvent, for example, toluene, xylene etc , then adding the siloxane polymer (b) to the 
so resulting solution and by heating the mixture to the temperature of about 60 to about 150°C. 

10026] The reaction product thus obtained can be mixed with a crosslinking component (B) to be described later either 
as such or appropriately adjusting the solid content concentration by adding a solvent or partially removing it. or after 
removing the unreacted sulphonic acid compound in case of containing it, to form the polymer composition of the 
present invention. 



Crosslinking compogent (B) 

[0027] In the present invention a polyisocyanate compound, which may be blocked, or a melamine type crosslinking 
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agent is used as a crosslinking agent in order to crosslink and cure the above-mentioned reaction product (A) 
[0028] As the above-mentioned polyisocyanate compound there can be mentioned, toa^ ™££22 
or aliphatic polyisocyanate compounds such as tolylene diisocyanale, xylylenedusocyanate, phenylene diisocyanate. 
b^SnaCeth^cyclohexaS. tetramethylene diisocyanate, hexamethyiene f*^:™^™^ 
5 anate hydrogenated rfphenylmethane diisocyanate. diphenylmethane diisocyanate etc and B^tetanmted 
wS'lvmers obtained by reacting an excess amount of these polyisocyanate compounds wrth a low molecular active 
SiSg^Sg cornpound such as ethylene glycol, propylene glycol, trimethylolpropane. hexanetnol. castor 0,1 

0029] Thesepoly1sc<*anatecompoundscanb^ 

noTetc. ; alcoholssuch as methanol, ethanol. butanol. 2-ethylhexanol, cyclohexano ethylene glycol "»"^ «" 

etc "active hydrogen-containing compounds such as caprolactam. ethyl acetacetate. diethyl ma onate et 

£ id the polKanate compounds using these blocking agents can be conducted according to per se known proo- 

" SS] As a melamine type crosslinking agent there can be used partially methylolized or completely methylofized 
ELrt ^nsistina of melamine having 1-5 triazine rings or its condensate and having a molecular we.ght in the 

2 obtained by etherifying a part or the total of the methylol groups with a C r C 8 monohydnc alcohol, for example. 
20 methanol, ethanol. propanbl. butanol etc 

p^i v m ar rnnwaition ac ^ rrfn g to the present invention 

100321 The polymer composition according to the present invention can be prepared by mixing the above-mentioned 
as reaction Droduct (A) crosslinking component (B) and suitably adding an organic solvent - 

oSplSeTmSolized melamine resin, which reacts with the reaction product (A) relatively easily, rt is desirable to 
mSeSfymeTc^mp^ 

Snc , to Z kind of the crosslinking component (B) etc. ft is appropriate, howler, to use Ihe crosslinking. Mmpo- 
nS as thVsolid content in the range of 4-1 00 parts by weight, preferably 4-80 parts by waght, more preferably 4- 
60 Darts bv weiaht per 1 00 parts of the sofid content of the reaction product (A) 

roS InThe Xer composition of the present invention there can be further mixed, as necessary, for example. 
35 Sgmert^ 

SSISp^^ 
HesSKS 

bTbeing cured by crosslinking after being poured into an appropriate mold or formed mto a film by bang coated on the 

40 TeS^co 9 mSSn of the present Invemton is useful partioiarly as a coating imposition to apptyon 

SrfacTS a XrateS as glass (for example, front glass and window glass of a car. wind™, glass, mirror •* 0. 
Sforexample. automobile, car. aluminiumfin. traffic sign board, microwave antenna, large wat er PP**""^ 
So) plastics (film or sheet for horticulture, artificial organ, stool, washbasin etc. ). inorgamc matenals (stool, bathtub, 

* W&\' ThfcoSng of the polymer composition of the present invention on these substrates can be conducted by a 
perse method, for example, spray coating, brush coating, roller coating, roll coating, immers,on coating, curiam flow 

SrSSnessofacoatingfilmcanbevaried according to the application of the substrate etc. and is preferable 

so aenerallv about 1-100 urn, particularly about 10-50 urn as the f ilm tickness after cunng 

aSS tE Sndlton of crosslink-curing of the polymer composition of the present invention is determined accordmg 
tothe kinds of the reaction product (A) and the crosslinking component (B) used '°^ e ^ r ^^^ n °'^'^|' r ^ C ^5^Q 
Usually there can be used conditions of a temperature of the normal temperature to about 300-C. preferably 80-250 C 
and for about 0 5 to about 40 minutes m-m., 

< 5 ra041] The surface of a formed article thus formed by using the polymer composrtion of the present invention k h.ghly 

" water4lidable Forexar^ 

tart angle of about 108 degrees for water in the form of a waterdrop but a waterdrop of 10 mg stays and does not drop 
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mer composition of the present invention has a contact angle of a waterdrop in the range of about 65-85 degrees, which 
are not particularly big, but shows such an excellent water-slidabirrty that a waterdrop of 10 mg, adhered to said film, 
starts sliding by its own weight and drops, when the film is leant only within 30 degrees from the horizontal plane. More- 
over, a waterdrop of 10 mg adhered to the film formed of the polymer composition of the present invention can be 
s moved and dropped sliding from the film, when said film is kept horizontally and blown by air at an air speed of 1 mfeec- 
ond or less. 

[0042] Thus the polymer composition of the present invention is very useful as an agent for treatment of an object or 
a surface which would be disturbed by adhered waterdrops . 

io EXAMPLES 

[0043] The present invention is hereinafter described more specifically by way of Examples The present invention, 
however, is not restricted by these examples at all. 

is Example 1 

[0044] In 100 ml of toluene 9. 6 g (8 mmol) of "Silaplane FM-051 1 ■ (*1) and 36 g (20 mmol) of "Lumiflon LF-600" (*2) 
were dissolved. When the mixture had become uniform by stirring, 0 2 g (2 mmol) of methanesulphonic acid was added 
and the reaction was conducted at 1 20°C for 1 hour to obtain a reaction product (A) after cooling. To 1 00 parts by weight 
20 (solid content) of the reaction product (A) 16 parts by weight (solid content) of "Takenate D-160N" (*3), a crosslinking 
component (B), was added and stirred to obtain a polymer composition. 

CH 3 CH 3 

I I 

CHg^Si-OV-Si— <CH 2 >— 0-CH 2 -CH-Cfl 2 

II v 

CH 3 CH 3 0 
30 (m = about 11) 

a product of Chisso Corporation. 

35 Examples g-8 and Comparative Examples 1-g 

[0045] Polymer compositions were obtained by operating in the same manner as in Example 1 , except using the com- 
positions and reaction conditions shown in Table 1 below. 

[0046] The polymer compositions obtained by the above-mentioned Examples 1 -8 and Comparative Examples 1 -2 
40 were coated on a glass plate using No. 10 bar coater and and heated under the conditions for crosslinked coating film 
formation shown in Table 1 to obtain a cured film. For the films immediately after the formation and films after super- 
sonic washing in deionized water for 10 minutes, the contact angles and the slide-down angles were measured by the 
method mentioned below. The results are shown in Table 1 , too. 

[0047] Contact angle: Using a CA-X type contact angle meter made by Kyowa Interface Science Co. , Ltd. about 10 
45 mg of deionized water was dropped down on the film in the atmosphere of 23°C, 65%RH using a micro-syringe and the 
angle between the film and the tangent to the waterdrop edge was measured within 1 minute after the dropping of the 
waterdrop. 

[0048] Slide-down angle: Using a CA-X type contact angle meter made by Kyowa Interface Science Co., Ltd. about 
1 0 mg of deionized water was dropped down on the film in the atmosphere of 23°C, 65%RH using a micro-syringe and 
so the glass plate was slowly leant The angle, at which the waterdrop starts sliding, was defined as the slide-down angle.. 



(*1) 'Silaplane FM-051 1 " : epoxy group-containing react?ve sfloxane polymer molecular weigh!: about 1 . 000, structural for- 
mula 

f 2) 'Lumiflon LF-600" : hydroxy group-containing fluoropolymer, molecular weight: about 1 5, 500, hydroxyl value: 31 

mgKOH/g, solid content: SO % by weight, a product of Asahi Glass Co., Ltd. 
(*3) Takenate D-1 60N" : hexamethylene diispcyanate-adduct of trimethylolpropane solid content: 75 % by weight . isocyanate 

content: 1 2. 6 % by weight, a product of Takeda Chemical Industries, Ltd- 
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In Table 1 

(*1) cf. Example 1. 
(*2) cf. Example 1. 
(*3) cf. Example 1. 

(*4) Hexamethy lene d i i socyanate, isocyanate content 

50 % by weight. 
(*5) "Burnock DN-990": a product of Dainippon Ink 
& Chemicals, Incorporated, isocyanurate type 
15 hexamethy lene isocyanate, solid content 75 % 

by weight, isocyanate content 13.0 % by 
weight. 

so (*6) "U-Van 28-60": a product of Mitsui Chemicals, 

Inc., butylated methy lo I me I amine, solid con- 
tent 60 % by weight. 
25 (*7) "Si lap lane FM-0511" and methanesu I phon i c acid 

were mixed and stirred at 80°C for 1 hour and 
then "Lumif Ion LF-600" was added and refluxed 
at 120°C for 1 hour. 
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Claims 

40 1 . A polymer composition capable of forming a waier-slidable surface characterized by comprising 
(A) a reaction product formed by a reaction of 

(a) a hydroxy) group-containing f luoropolymer obtained by copolymerizing a fluoroolef in, a hydroxyl group- 
45 containing vinyl monomer and another unsaturated monomer capable of coploymerizing with them, 

(b) an epoxy-terminated siloxane polymer represented by the formula 



50 



55 



C&3 CH3 

CH 3 ~6Si - OV-Si— (CHjhj-O- CH 2 -CH-CH 2 

I I v 

CH3 CH3 



wherein m is a number of 6-300 and n is a number of 0-6, at the equivalent ratio of the hydroxyl group of 
the fluoropolymer (a) to the epoxy group of the siloxane polymer (b) of 1/0. 05 to 1/0. 8, in the presence of 
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(c) a sulphonic acid compound, and 

(B) a polyisocyanate compound, which may be blocked, or a melamine type crosslinking agent. 

5 2. The polymer composition set forth in Claim 1 wherein the reaction product (A) does not substantially contain unre- 
acted sulphonic acid compound. 

3. The polymer composition set forth In Claim 1 wherein the f luoropolymer (a) has a number average molecular 
weight of 2, 000-100, 000 and a hydroxyl value of 30-400 mgKOH. 

4. The polymer composition set forth in Claim 1 wherein the fluoropolymer (a) is a copolymer of monochtorotrif luor- 
oethyiene, 4-hydroxybutyl vinyl ether and ethyl vinyl ether. 

5. The polymer composition set forth in Claim 1 wherein the siloxane polymer (b) has a number average molecular 
15 weight of 300-30, 000. 

6. The polymer composition set forth in Claim 1 wherein the equivalent ratio of the hydroxyl groups of the fluoropoly- 
mer (a) and the epoxy groups of the siloxane polymer (b) is 1/0. 1 to 1/0. 5. 

so 7- The polymer composition set forth in Claim 1 wherein the sulphonic acid compound (c) is methanesulphonic acid 

8. The polymer composition set forth in Claim 1 containing a sulphonic acid compound (c) at the ratio of 0 1-0. 5 
moles per 1 mole of the siloxane polymer (b). 

25 9. The polymer composition set forth in Claim 1 comprising 4-1 00 parts by weight of the component (B) as solid con- 
tent per 100 parts by weight of solid content of the component (A) 

10. The polymer composition set forth in Claim 1 capable of forming a film from which a waterdrop of 10 mg adhered 
to the surface starts sliding by its own weight at a leaning angle of less than 30 degrees from the horizontal plane. 

30 

11. The polymer composition set forth in Claim 1 capable of forming a film from which a waterdrop of 10 mg adhered 
to the surface starts sliding by hs own weight at a leaning angle of less than 30 degrees from the horizontal plane, 
after the film was washed supersonically in deionized water for 10 minutes. 

35 12. A coating composition comprising the polymer composition set forth in Claim 1 . 

1 3. A formed article with a water-slidable surface formed of the polymer composition set forth in Claim 1 

14. The formed article set forth in Claim 13 in the shape of a film. 
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